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1
SYSTEM AND METHOD FOR
CONTROLLING FLOW IN A WELLBORE

CROSS-REFERENCE TO RELATED
APPLICATION

The present document is based on and claims priority to
U.S. Provisional Application Ser. No. 61/384,982, filed Sep.
21, 2010, incorporated herein by reference.

BACKGROUND

Hydrocarbon fluids, e.g. oil and natural gas, are obtained
from a subterranean geologic formation, referred to as a res-
ervoir, by drilling a well that penetrates the hydrocarbon-
bearing formation. Once a wellbore is drilled, various forms
of well completion components may be installed to control
and enhance the efficiency of producing fluids from the res-
ervoir. One piece of equipment which may be installed is a
flow control valve. Typically, flow control valves allow a
variety of positions between full open and full close. To
achieve this, a control module may be used to incrementally
displace an annular choke which is adjusted to control the
production or injection of reservoir fluids.

SUMMARY

In general, the present invention provides a technique for
controlling flow in a wellbore. One or more flow control valve
assemblies may be designed for coupling with downhole well
equipment. Each flow control valve assembly comprises a
flow control valve which cooperates with a control module.
The control module comprises a plurality of electrically con-
trolled valves arranged to control flow of actuating fluid to the
flow control valve. Each flow control valve assembly also
comprises a hydraulic override system to enable hydraulic
actuation ofthe flow control valve to a predetermined position
when, for example, no electrical power is available for the
electrically controlled valves of the control module.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the invention will hereafter be
described with reference to the accompanying drawings,
wherein like reference numerals denote like elements, and:

FIG. 1is a schematic illustration of a well system deployed
in a wellbore and including a plurality of flow control valve
assemblies, according to an embodiment of the present inven-
tion;

FIG. 2 is a schematic example of one type of well system
having a plurality of flow control valve assemblies, according
to an embodiment of the present invention;

FIG. 3 is a schematic example of a control module, e.g. an
electro-hydraulic control module, coupled to a flow control
valve, according to an embodiment of the present invention;

FIG. 4 is a schematic illustration of the control module in
FIG. 3 but in another operational configuration, according to
an embodiment of the present invention;

FIG. 5 is a schematic illustration of the control module in
FIG. 3 but in another operational configuration, according to
an embodiment of the present invention;

FIG. 6 is a schematic illustration of the control module in
FIG. 3 but in another operational configuration, according to
an embodiment of the present invention;

FIG. 7 is a schematic illustration of the control module in
FIG. 3 but in another operational configuration, according to
an embodiment of the present invention; and
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FIG. 8 is a schematic illustration of another example of the
control module, according to an alternate embodiment of the
present invention.

DETAILED DESCRIPTION

In the following description, numerous details are set forth
to provide an understanding of the present invention. How-
ever, it will be understood by those of ordinary skill in the art
that the present invention may be practiced without these
details and that numerous variations or modifications from
the described embodiments may be possible.

The disclosure herein generally relates to a system and
methodology for controlling fluid flow in a wellbore. For
example, the system and methodology may relate generally to
well completion systems and components, including tubing
strings having one or more flow control valve assemblies. In
some applications, a plurality of flow control valve assem-
blies is employed to control flow from or into specific well
zones along the wellbore. Each of the flow control valve
assemblies may comprise a flow control valve coupled with a
control module, such as an electro-hydraulic control module,
used to control the opening or closing of the flow control
valve. In at least some applications, the control module is
used to control a variable actuation position of the flow con-
trol valve to selectively control the rate of flow through the
flow control valve.

In some embodiments, for example, the control module is
used to incrementally displace a piston or other actuator, e.g.
a choke, in a corresponding flow control valve. Displacement
of'the actuator increases or decreases the injection or produc-
tion flow rates of fluids into or out of a surrounding reservoir.
With multiple flow control valve assemblies, the flow rate of
fluids into or out of multiple well zones may be independently
controlled.

By way of example, the control module may be controlled
using a plurality, e.g. two, hydraulic control lines and an
electrical line. In some embodiments, the electrical line com-
prises individual wires. By applying a current greater than a
current threshold to a particular subset of wires, solenoid
valves or other electrically operated valves may be individu-
ally operated within specific control modules. For example,
actuation of a specific solenoid valve controls flow of actuat-
ing fluid to the actuator, e.g. piston, of the flow control valve.
The actuator moves in a given direction when a pressure
greater than a pressure threshold is applied through a first
hydraulic line. The actuator stops moving if the current is
decreased below the current threshold on this particular sub-
set of wires regardless of how much hydraulic pressure is on
the first hydraulic control line.

The actuator of the flow control valve can be made to move
in an opposite direction if current greater than a current
threshold is applied to another subset of wires to operate a
second electrically operated valve, e.g. a solenoid valve.
Actuation of the second electrically operated valve causes
movement of the flow control valve actuator by fluid pressur-
ized in the first hydraulic line at a pressure level greater than
a given pressure threshold in the first hydraulic line. The
control modules also comprise a hydraulic override system
which allows actuation of the corresponding flow control
valve or valves when no electrical power is available at the
control module. For example, hydraulic pressure may be
applied to a control module or modules at a pressure greater
than a second pressure threshold of a second hydraulic line to
cause a desired movement of the actuator within the corre-
sponding flow control valve or valves. When sufficient pres-
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sure is applied to the second hydraulic line, no current is
required on the wires in the electrical line.

Referring generally to FIG. 1, an embodiment of a well
system 20 for controlling flow of fluid in a wellbore 22 is
illustrated. In this embodiment, well system 20 comprises a
tubing string 24 which may include a variety of downhole
equipment 26. The tubing string 24 and downhole equipment
26 further comprising a plurality of flow control valve assem-
blies 28. Each flow control valve assembly 28 comprises a
flow control valve 30 coupled to a corresponding control
module 32, such as an electro-hydraulic control module. The
flow control valve assemblies 28 may be used to control the
inflow of reservoir fluid or the outflow of injection fluid with
respect to a plurality of well zones 34 in a surrounding reser-
voir 36. It should be noted that downhole equipment 26 may
comprise a variety of packers and other equipment designed
to isolate the various well zones 34 along wellbore 22.

Referring also to FIG. 2, a schematic illustration is pro-
vided to show one embodiment of well system 20 which
utilizes a plurality of hydraulic lines 38 and an electrical line
40. The hydraulic lines 38 and the electrical line 40 are
coupled to the plurality of control modules 32 in a manner
designed to enable individual control over the corresponding
flow control valves 30. In this specific example, each control
module 32 is an electro-hydraulic module coupled to two
hydraulic lines 38 and to electrical line 40. By way of
example, each control module 32 is actuated to selectively
control the corresponding flow control valve 30 via flow of
hydraulic actuating fluid flowing through hydraulic lines 38.
For example, hydraulic actuating fluid may flow from a first
hydraulic line 38 and through a first configuration of the
control module 32 to actuate flow control valve 30 toward a
closed position. The control module 32 also may be transi-
tioned to a second configuration allowing hydraulic actuating
fluid to flow from the first hydraulic line 38 to flow control
valve 30 so as to actuate the flow control valve 30 toward an
open position. Each control module 32 is readily controlled to
enable the desired incremental actuation of the corresponding
flow control valve 30 between closed and open positions.

In the embodiment illustrated, each flow control valve 30
comprises a sensor 42 which monitors the actuation position
of the flow control valve. For example, sensors 42 may com-
prise position sensors which track the position of an actuator
within each flow control valve 30. Each sensor 42 may be
coupled with corresponding electronics 44 which, in turn, are
coupled to electrical line 40 or another suitable transmission
line. The electronics 44 convey data from the sensors 42 to an
appropriate control system 46, such as a processor-based
control system. The control system 46 may be used to provide
suitable inputs to each of the electro-hydraulic modules 32 so
as to ensure the desired actuation of a corresponding flow
control valve 30. By way of example, the control system 46
may be located at a surface location. However, other embodi-
ments may position control system 46, in whole or in part,
within the electronics 44 and/or at other downhole locations.
As described above, the control modules 32 may be individu-
ally controlled by applying a current greater than a current
threshold to a particular subset of wires in electrical line 40 to
cause individual operation of solenoid valves (or other elec-
trically operated valves) within specific control modules. As
illustrated in FIG. 2, however, the electrical line 40 may be
coupled to the electronics modules 44 associated with elec-
tro-hydraulic modules 32 and each electronics module 44
may be coupled to the corresponding module 32 via a com-
munication line 47. Control signals are sent through electrical
line 40 to electronics 44 which, in turn, provide the appropri-
ate signals to the respective module 32.
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In FIG. 3, an example of one of the control modules 32 is
illustrated in schematic form as coupled with its correspond-
ing control valve 30. The control module 32 also is coupled to
hydraulic lines 38 and to electrical line 40 via electronics 44.
For purposes of explanation, one of the hydraulic lines 38 has
been labeled a first hydraulic line 48 while the other hydraulic
line 38 has been labeled a second hydraulic line 50. It should
be noted that two hydraulic lines have been illustrated, but
certain embodiments may employ additional hydraulic lines.

As illustrated, first hydraulic line 48 and second hydraulic
line 50 are each connected to a plurality of electrically oper-
ated valves, e.g. valves 52, 54, within control module 32. By
way of example, the plurality of electrically operated valves
52, 54 may comprise solenoid valves. The specific embodi-
ment illustrated employs two electrically operated valves 52,
54 although additional electrically operated valves or other
combinations of electrically operated valves may be used to
achieve the same or similar functionality. The electrically
operated valves 52, 54 are coupled with electrical line 40 via
electronics 44 and receive control signals through electrical
line 40 and electronics 44 to enable controlled shifting of
valves 52, 54 to desired operational configurations. If valves
52, 54 are solenoid valves, for example, current may be sup-
plied via electrical line 40 and electronics 44 to energize or
de-energize the appropriate solenoid. The first hydraulic line
48 and the second hydraulic line 50 also may be coupled to an
additional valve 56, such as a hydraulically actuated valve,
which cooperates with the electrically operated valves 52, 54
to control actuation of flow control valve 30 and to enable
hydraulic override as described in greater detail below. The
control module valve 56 is in a normally open position, as
illustrated in FIG. 3.

Depending on the specific application, each control mod-
ule 32 may comprise a variety of other features and compo-
nents. For example, the first hydraulic line 48 may be coupled
with electrically operated valves 52, 54 and with the addi-
tional valve 56 across a filter 58. Similarly, the second hydrau-
lic line 50 may be coupled with electrically operated valves
52, 54 and with the additional valve 56 across a filter 60.
Additional filters 62 may be located in the hydraulic fluid flow
path between control module valves 52, 54, 56 and the flow
control valve 30. Additional features may comprise one or
more flow restrictors 64 and one or more check valves 66
appropriately positioned along the path to the second hydrau-
lic line 50.

In the embodiment illustrated, control module 32 also is
constructed with a component arrangement providing a
hydraulic override system 68. The hydraulic override system
68 allows actuation of the corresponding flow control valve
30 without electrical power, e.g. when no electrical power is
available to the control module 32. For example, hydraulic
pressure may be applied to the control module 32 via second
hydraulic line 50 at a pressure greater than the pressure
threshold of the second hydraulic line to cause a desired
actuation of flow control valve 30. In some embodiments, the
flow control valve 30 may be actuated to an open flow position
by the hydraulic override system 68.

In FIG. 3, the flow control valve 30 is illustrated as having
an actuator 70 which may be moved between an open flow
position and a closed flow position to achieve the desired fluid
flow rate from or to the corresponding well zone 34. By way
of example, the actuator may comprise a flow control valve
piston 72. In some embodiments, the position sensor 42 may
be mounted at least in part on the actuator 70, e.g. on piston
72. To use the control module 32 to actuate flow control valve
30, e.g. to move flow control valve piston 72, a hydraulic
pressure is initially applied to the first hydraulic line 48. The
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pressure state of the electro-hydraulic control module 32
following application of pressure to first hydraulic line 48 is
illustrated in FIG. 4. Once sufficient hydraulic pressure has
been applied to first hydraulic line 48, the normally open
valve 56 is shifted to a closed position, as illustrated. When
closed, valve 56 prevents pressure communication between a
first port 74 and a second port 76 of the control module valve
56. Additionally, pressure is blocked at pressure ports 78 of
both electrically operated valves 52 and 54, e.g. both solenoid
valves.

To move actuator 70 of flow control valve 30 in an opening
direction, the electrically operated valve 54 is energized via
application of current through electrical line 40 and corre-
sponding electronics 44. In some applications, the current for
a specific electrically operated valve may be supplied on an
appropriate subset of wires in electrical line 40. The pressure
state of the control module 32 while the electrically operated
valve 54 is energized is illustrated in FIG. 5. Hydraulic pres-
sure from the first hydraulic line 48 is communicated to an
opening side port 80 of flow control valve 30 via flow through
port 78 and out through port 82 of electrically operated valve
54. The flow of sufficiently pressurized hydraulic fluid
through module valve 54 and into the flow control valve 30
forces actuator 70 to move in an opening direction. As the
actuator 70 moves toward increased opening, the volume of
hydraulic fluid on the closing side of the flow control valve
actuator 70 vents to the second hydraulic line 50 through port
82 and port 84 of the other electrically operated valve 52.
After passing through module valve 52, the vented hydraulic
fluid also flows through check valve 66 and flow restrictor 64.

The flow control valve actuator 70, e.g. piston 72, contin-
ues to move toward the fully open position as long as the
electrically operated valve 54 remains energized. Once the
module valve 54 is de-energized, the actuator 70 stops mov-
ing and the pressure state returns to the pressure state illus-
trated in FIG. 4 regardless of the amount of pressure in first
hydraulic line 48. To actuate the flow control valve actuator
70 in a closing direction, the electrically operated valve 52 is
energized via application of current through electrical line 40
and electronics 44. The pressure state of control module 32
while the electrically operated valve 52 is energized is illus-
trated in FIG. 6. Hydraulic pressure from the first hydraulic
line 48 is communicated to a closing side port 86 of flow
control valve 30 via flow through port 78 and out through port
82 of electrically operated valve 52. The flow of hydraulic
fluid through module valve 52 and into the flow control valve
30 forces actuator 70 to move in a closing direction.

As the actuator 70 moves in the closing direction, the
volume of hydraulic fluid on the opening side of the flow
control valve actuator 70 vents to second hydraulic line 50
through port 82 and port 84 of the other electrically operated
valve 54. After passing through module valve 54, the vented
hydraulic fluid also flows through flow restrictor 64. The flow
control valve actuator 70 continues to move toward the closed
position as long as the electrically operated valve 52 remains
energized. However, once the module valve 52 is de-ener-
gized, the actuator 70 stops moving and the electro-hydraulic
control module 32 returns to the pressure state illustrated in
FIG. 4.

As discussed above, each control module 32 also com-
prises the hydraulic override system 68 which enables move-
ment of the flow control valve actuator 70 to a desired opera-
tional position when no electrical power is available. By way
of example, the hydraulic override system 68 may be
designed to enable hydraulic actuation of the flow control
valve piston 72 in one direction to an open flow position, as
illustrated in FIG. 7. The override operation illustrated in FIG.
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7 is performed using second hydraulic line 50 when no pres-
sure is applied on first hydraulic line 48.

The pressurized hydraulic fluid in second hydraulic line 50
is communicated to the opening side/port 80 of the flow
control valve 30 through port 84 and out through port 82 of
electrically operated valve 54. This flow of hydraulic fluid
through module valve 54 causes the flow control valve actua-
tor 70 to move and thus to actuate the flow control valve 30 in
an opening direction. In this embodiment, check valve 66
forms part of hydraulic override system 68 and prevents the
pressurized actuating fluid in second hydraulic line 50 from
communicating with the closing side/port 86 of flow control
valve 30. The additional valve 56 also serves as part of the
hydraulic override system 68 to enable venting of hydraulic
fluid. For example, when using the hydraulic override system
68 to actuate the piston 72 (or other actuator) in the opening
direction, the volume of hydraulic fluid on the closing side of
the flow control valve 30 vents to first hydraulic line 48
through the additional valve 56 which is in its normally open
position, as illustrated in FIG. 7.

The normally open valve 56 is illustrated as a hydraulically
actuated valve, however other types of valves may be utilized
to control the desired venting of hydraulic fluid to first
hydraulic line 48. When valve 56 comprises a hydraulically
actuated valve, the flow restrictor 64 assists valve 56 in the
closing process. For example, without flow restrictor 64, pres-
surization of first hydraulic line 48 would cause communica-
tion of pressurized hydraulic fluid to second hydraulic line 50
through electrically operated valve 52 and check valve 66.
The flow restrictor 64 enables establishment of a pressure
differential between first hydraulic line 48 and second
hydraulic line 50, thus enabling the normally open valve 56 to
move to a closed position. It should be noted, however, the
flow restrictor 64 can be placed at other locations and still
serve the same purpose.

Examples of components and arrangements of compo-
nents for each control module 32 have been illustrated to
demonstrate the capability for providing individual control
over flow control valves 30 in, for example, a multi-drop well
application. However, the specific types of valves 52, 54, 56,
check valves 66, flow restrictor 64, and other components
may be changed and/or rearranged to suit other applications.

In FIG. 8, for example, the flow restrictor 64 and the check
valve 66 have been replaced with a relief valve 88. A variety
of relief valves are suitable to establish the desired pressure
differential between first hydraulic line 48 and second
hydraulic line 50 to ensure proper operation of normally open
valve 56. The relief valve 88 also enables hydraulic override
via the hydraulic override system 68 when no electricity is
available for the solenoid valves or other types of electrically
operated valves 52, 54. Backflow of hydraulic fluid through
electrically operated valve 52 is prevented by relief valve 88
which performs a function similar to check valve 66 in the
previous embodiment.

However, the components of control module 32 as well as
the components of flow control valve assemblies 28 and over-
all well system 20 can be adjusted to accommodate a variety
of structural, operational, and/or environmental parameters.
For example, various combinations of solenoid valves and
additional valves may be used in cooperation with two or
more hydraulic lines to provide the desired control over indi-
vidual flow control valves while also providing override func-
tionality in the event electrical power is lost. Additionally, the
number and arrangement of flow control valve assemblies 28
can vary substantially from one well application to another.
The flow control valve assemblies can be utilized in both
lateral and vertical wellbores to achieve the desired flow of
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fluid from surrounding well zones and/or into surrounding
well zones. The relatively simple approach to providing con-
trol over individual flow control valves while retaining an
override capability renders the system particularly amenable
for use in multi-drop completion assemblies. The control
modules 32 enable individualized flow control at multiple
locations, e.g. 10 or more locations, via the multiple flow
control valve assemblies.

Although only a few embodiments of the present invention
have been described in detail above, those of ordinary skill in
the art will readily appreciate that many modifications are
possible without materially departing from the teachings of
this invention. Accordingly, such modifications are intended
to be included within the scope of this invention as defined in
the claims.

What is claimed is:

1. A system for controlling flow in a wellbore, comprising:

a tubing string having a plurality of flow control valve

assemblies, each flow control valve assembly compris-
ing a flow control valve and a control module, the control
module being coupled with a first hydraulic line, a sec-
ond hydraulic line, and an electrical line;

each control module comprising a plurality of solenoid

valves which respond to electric signals transmitted
along the electrical line to control the opening and clos-
ing of the flow control valve via fluid passing through the
first and second hydraulic lines, the control module fur-
ther providing a hydraulic override to enable shifting of
the flow control valve without requiring electric power
supplied to the control module, the hydraulic override
comprising a hydraulically actuated valve which is in a
normally open position, the hydraulically actuated valve
being held in a closed position by pressure applied via
the first hydraulic line until a hydraulic override is
desired.

2. The system is recited in claim 1, wherein each flow
control valve comprises a flow control valve piston and a
sensor to monitor flow control valve piston position.

3. The system is recited in claim 2, wherein the hydraulic
override enables shifting of the flow control valve piston to an
open flow position.

4. The system is recited in claim 1, wherein the fluid to
activate the flow control valve flows through the plurality of
solenoid valves.

5. The system as recited in claim 1, wherein the plurality of
solenoid valves work in cooperation with a check valve and a
flow restrictor coupled into the second hydraulic line, the
check valve ensuring flow to open the flow control valve
during hydraulic override.

6. The system as recited in claim 1, wherein the plurality of
solenoid valves work in cooperation with a relief valve posi-
tioned to establish a pressure differential between the first
hydraulic line and the second hydraulic line.

7. The system as recited in claim 1, wherein the plurality of
solenoid valves comprises two solenoid valves.

8. The system as recited in claim 1, wherein the solenoid
valves are controlled by specific electrical signals transmitted
through the electrical line to enable selective control over
individual flow control valve assemblies located at specific
well zones.

9. The system as recited in claim 7, wherein one of the two
solenoid valves controls fluid flow to shift the flow control
valve piston toward an open position and the other of the two
solenoid valves controls fluid flow to shift the flow control
valve piston toward a closed position.
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10. A system for controlling flow, comprising:

a flow control valve assembly configured for coupling into
downhole well equipment, the flow control valve assem-
bly comprising:

a flow control valve;

a control module, the control module comprising a plu-
rality of electrically controlled valves which control
flow of actuating fluid to the flow control valve; and

a hydraulic override system to enable hydraulic actua-
tion of the flow control valve to a predetermined posi-
tion when the plurality of electrically controlled
valves are not supplied with electricity, the hydraulic
override system comprising a hydraulically actuated
valve which is biased to a normally open position to
enable flow-through of actuating fluid when a hydrau-
lic override is desired.

11. The system as recited in claim 10, wherein the plurality
of electrically controlled valves comprises two solenoid
valves.

12. The system as recited in claim 11, further comprising a
first hydraulic line, a second hydraulic line, and an electrical
line all coupled to the control module.

13. The system as recited in claim 12, wherein the first
hydraulic line delivers hydraulic fluid through at least one of
the two solenoid valves to actuate the flow control valve.

14. The system as recited in claim 10, further comprising a
second flow control valve assembly, wherein the flow control
valve assembly and the second flow control valve assembly
are coupled to a tubing string in a downhole, wellbore envi-
ronment.

15. A method for controlling flow in a wellbore, compris-
ing:

positioning a plurality of flow control valves along a well
string located in a wellbore;

coupling a plurality of control modules to the plurality of
flow control valves;

routing a pair of hydraulic lines and an electrical line along
the wellbore to the plurality of control modules;

utilizing the pair of hydraulic lines and the electrical line to
selectively actuate individual control modules of the
plurality of control modules and corresponding flow
control valves ofthe plurality of flow control valves; and

providing each control module with a hydraulic override
function which allows actuation of a corresponding flow

control valve of the plurality of flow control valves to a

desired position via shifting of a normally open, hydrau-

lically actuated valve followed by only hydraulic input
through at least one hydraulic line of the pair of hydrau-
lic lines.

16. The method as recited in claim 15, further comprising
monitoring the actuation position of each flow control valve;
and selectively actuating each flow control valve to a desired
flow rate.

17. The method as recited in claim 15, further comprising
providing each control module with a plurality of solenoid
valves, each solenoid valve being coupled to the pair of
hydraulic lines and to the electrical line.

18. The method as recited in claim 17, further comprising
providing each control module with a normally open, hydrau-
lically operated valve coupled to the pair of hydraulic lines in
a manner to facilitate use of only two solenoid valves for
controlling actuation of the flow control valve while enabling
hydraulic override capability.
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